Abstract. In this work a novel approach for the preparation of Fe 3 O 4 /PANI (polyaniline) thin film composite containing magnetic nanoparticles is presented. Magnetite (Fe 3 O 4 ) nanoparticles have been coated by PANI and the PANI chains have been doped by 10-camphorsulfonic acid (CSA). The doped composite is soluble in common organic solvents. Thin films of composites of polyaniline (PANI) were casted from m-cresol. Several characterization techniques were employed in order to determine composition, structure and magnetic properties of the nanocomposite film (Xray diffraction, transmission electron microscopy, TEM, Scanning electron microscopy, SEM, and optical microscopy). The magnetization data were obtained from M(H) hysteresis loops and zero field cooling -field cooling, ZFC-FC. Magnetic measurements evidence a ferromagnetic behaviour of the obtained composite, at room temperature with saturation magnetization of about 3.4 emu/g and coercivity of 42 Oe. The temperature dependences of the conductivity of the films follows the
law, which has been explained within the framework of the onedimensional variable-range-hoping (1D-VRH) model. Application of 1T magnetic field increases the resistivity of the film and the temperature slope dependence.
Introduction.
Magnetic nanoparticles attract broad interest in different areas such as high density data storage [1] [2] [3] , color imaging, sensors, biomedical applications [4] , and spintronics [5] . Nanoparticles show unusual phenomena comparing with bulk or microscale size magnets of the same composition and diverse areas of their applications directly depend on the level of the understanding of the properties.
Ultrafine particles embedded in a metallic, polymer, etc. matrix or spread on the surface is often called nanoclusters. It is desirable to endow the magnetic nanoclusters with highly controlled reproducible processing. Nanocomposites with high electrical conductivity demand both very careful design and accurate characterization. For their preparation the conducting polymer matrixes must suit the condition to be soluble and stable. Several methods have been employed to prepare magnetic nanoclusters embedded in conducting polymers in order to obtain composites possessing the unique magnetic, electrical, and optical properties. Wan and coworkers prepared magnetite/PANI nanocomposites by mixing aqueous solutions of iron (II) sulfate and 1-methyl-2-pyrrolidinone (NMP) solutions of PANI at different pH values [6] . B.Z. Tang et al developed a versatile process for the preparation of γ-Fe 2 O 3 /PANI nanocomposite films with high electrical conductivity and magnetical susceptibility [7] .
In this work we present a novel approach for the preparation of Fe 3 O 4 /PANI (polyaniline) thin film composite containing magnetic nanoparticles. Magnetic and transport properties are discussed.
Experimental.
Fe 3 O 4 /PANI nanoparticles were prepared "in situ" as reported earlier [8] 2) were filtered, washed with distilled water and dried under vacuum at 40° C for 24 hrs. Previously, PANI power, in the base form, was prepared through an oxidative route as everyboby knows [8] [9] . Appropiate amounts of dried powders of pure PANI and Fe 3 O 4 /PANI were weighted and mixed and ground carefully. In this way we obtained a diluted Fe 3 O 4 /PANI nanocomposite where Fe 3 O 4 (8%w/w determined by termogravimetric analysis) is the magnetic core, and PANI the conducting shell. The ferromagnetic composite was then doped with camphorsulfonic acid, CSA, in the molar ratio H + /PhN=0.5, which increases conductivity and solubility in organic solvents as m-cresol [7] . The composite thin films of the thickness of 30 µm were prepared by simple static casting of the composite m-cresol solution on a glass substrate having 1.0 × 0.5 cm 2 . As-prepared by casting thin films were vacuum dried overnight at 50° C.
The surface morphology of the cast films was studied by optical microscopy using a Nikon L-UEPI microscope with digital camera. The morphologies of films and particles were measured by optical microscopy (Nikon L-UEPI microscope with digital camera) scanning electron microscope, SEM (JEOL JSM 6400), and a transmission electron miscroscope, TEM (JEM 200).
Magnetic properties of the films were measured at room and low temperatures using a SQUID magnetometer (Quantum Design MPMS). For SQUID measurements the composite thin film sample of about 0.60 mg (approximately 4×4 mm 2 ) was separated from the glass substrate. The temperature dependence of conductivity was performed in a Physical Properties Measurement System (PPMS from Quantum Design). Following the four-in-line geometry, copper wires were attached by silver paint for the measurement of sample resistance. Transport measures of films were performed too, in the presence of a magnetic field (1T) perpendicular to the film surface and current direction. The polymer matrix prevents agglomeration of the iron oxide and hence small separate clusters are observed being covered by polymer film, which in many cases appears to be amorphous. Due to specific contrast near the surface of the particle one can suppose that they do not have a direct contact with each other because of the shell of the polymer covering.
Results and Discussion
Magnetic measurements (Figures 2 and 3 ) evidence a ferromagnetic behaviour at room temperature of the obtained composite with saturation magnetization of about 3.4 emu/g and coercivity of about 40 Oe. Although the average size of the nanoparticles of the composite is close to the corresponding limit for the particles to show the superparamagnetic behaviour no contribution was observed which can be described as superparamagnetic for room temperature in frame of the accuracy of the employed experimental methods. Figure 3 shows ZFC-FC curves of the film. It is seen that there is no well-defined peak in the ZFC curve, which corresponds to the mean blocking temperature of SPM cluster. The sample in the present study exhibit lower conductivity (~ 50 S/cm) than that observed in other studies, although the conductivity of the nanocomposite films decreases with increasing Fe 3 O 4 [7] . Several parameters like doping level, time of drying and the medium of preparation have Over a limited temperature range below room temperature, σ (T) has a positive temperature coefficient (TCR). The positive TCR extends down to 250-253K, the conductivity increases by more than 5% of room temperature value between 300K and the maximum at 253K (shown in the inset to Fig.4) . The positive TCR, which is generally considered arising from the carriers' scattering along the chains by phonons in metallic regions [10, 11] , indicates the quasi-1D nature of conduction along polymer chains [12] . It is supposed that carriers will be scattered only back along the chains, which requires phonons of relatively high energy [13] . Similar results have been reported by J.Li et al, for PANI films [14] . Both samples profiles (F1 and F2) have a strongly temperature dependent conductivity over the entire temperature interval from 253 down to 130K (F1) and 300 down to 150K (F2). In these ranges the film exhibits a typical semiconductor behavior, and it can be expressed by the one dimensional variable range hopping (1D-VRH) model proposed by Mott [15] as follows: Figure 4 one can obtain the T o value corresponding to the effective energy separation between localized states which is a measure of the degree of disorder in amorphous region. These plots exhibit a well linear dependence having a linearity factor of 0.9784 and 0.9760. As shown in figure  4 the characteristic Mott temperature T o increases from 1.5 10 3 K (F1) to 7.9 10 3 K (F2) for the sample measured without and with a magnetic field (1T), respectively. Application of 1T magnetic field increases the resistivity and the slope of the ln σ vs T -1/2 dependence in F2. The positive magnetoresistance of PANI films was reported A.K.Mukherjee et al [16] . On the other hand, F1 exhibit that the linear dependence of ln σ on. 
